Introduction
This report describes the validation of an Inductively Coupled Plasma -Mass Spectrometry (ICP-MS) technique for the determination of 44 elements in aqueous samples. This report is a supplement to Open-File Report 96-525, Analytical Methods Manual for the Mineral Resources Program, which was published in 1996. The format of this report is consistent with other published methods that have been approved by the quality assurance coordinator.
Principle
In aqueous samples, 44 major, minor, and trace elements are determined using inductively coupled plasma-mass Spectrometry (ICP-MS). The ICP-MS is calibrated using 4 commercially available multi-element standard solutions in conjunction with one USGS WRD standard reference sample. Samples must be filtered and acid-preserved prior to analyses, but no digestion is required for the determination of dissolved elements in aqueous samples.
Interferences
ICP-MS interferences come from matrix effects, instrumental drift, and isobaric overlap of some elemental isotopes. Molecular ions formed in the plasma can also result in enhancement of measured ion intensity due to isobaric interferences (Montaser, 1998) . Internal standards are added to compensate for matrix effects and instrumental drift. The isotopes measured are selected to minimize isobaric overlap from other elements and molecular species that might be present. For a few isotopes, isobaric overlap corrections are computed based on relative isotopic abundances of the elements involved, and oxide or double-charged ion intensities (Lichte and others, 1987) .
Scope
ICP-MS has been applied to the determination of over 60 elements in various matrices. Analytes for which EPA has demonstrated the acceptability of ICP-MS determinations (USEPA SW-846 Method 6020A, 1998) are included in this work. In addition to the 23 EPA approved elements, an additional 21 elements are included in this protocol per the provisions of Method 6020A. The elements analyzed and their reporting limits are shown in Table 1 . Table 1 . Lower limits of determination (LLD) for elemental analysis of water samples by inductively coupled plasma-mass spectrometry . Standard 5 is USGS WRD standard reference water sample T-143.
Safety precautions
All laboratory personnel must wear safety glasses, a lab coat or apron, and gloves when working in the laboratory. All personnel must read the laboratory Chemical Hygiene Plan (CHP) and the Material Safety Data Sheets (MSDS) for each procedure.
Procedure
Prior to analyzing samples, a dual detector calibration and auto-lens adjustment are performed daily according to manufacturer recommendations (Perkin-Elmer Corp., 1997). The instrument is then calibrated using the calibration solutions listed above, and the operating parameters shown in table 2. The calibration is checked using NIST SRM's 1640 and 1643d (NIST 1995 (NIST , 1998 . 
Assignment of uncertainty
The analytical results for selected reference materials are summarized in table 3. n = number of samples s = standard deviation pv = proposed value taken from published reference material compilations . % RSD = percent relative standard deviation %R = percent recoverỹ = no data available
